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INTRODUCTION 


emu 


This report is the result of work necemplished on BWA $470, 


Aerodynemically excited fluctuating pressures are expeeted to be 
the main force of structural vibration during flight, The sige 
nificance of this serodynamte phenomena is not establitsied because 
little experimental data de evailable on both the wresse: 
magnitude and spaceetime correlation of the fluctuatin~ | -cssure 
field. Therefore, a test program wag mderteken vith > primery 
objective of obtaining exverimentes. backeup dota for estimates 

of the «20 flight ecousile enytromucnt. 


The test progrems was conducted at the Roeing Trensonte (Amst 
18-19, 1962) and Supersonte (Narch 22623, 1962) Wind Terncls 
utilizing # .066 Scale X-20 2050D rlider, 


The results of the test program ere reported in Seetfon 8 (tennsense 
wing tunnel) end Sectfon 5.5 (surcreonie wind imnel). ALL eeoustte 
data contafned én thfs report ere dreet nodded, date, ‘fnelyets af 

the data for epplicetion to the full senle x=20 elider will bo 
conducted by £-20 Structures end Moterfals Technolersy. 


Vibration sensitivity of. the tranecurcers ebsenued much ef the neoustie 
data below 145 dbe However, extensive date were ebietned on 

spectra and space correlation at locetions whore the sexedynente 
noise levels rettged from LS diy (+ 052 pst RMS) to 165 ab 

(+ 0.52 psi RMS). 
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Wind tunnel Medel Ad=%65?~] why Qe 66 seale model of “he nee) 2rcep 
Glider, was strubesting nowrsed with mins 


3 

2] 

Cc 

0 < 
ae) 


trensdueers installed te reasuve the macmitude and space commelntion 
L2 . 7 
of fluctuating pressures on ule model glicer,. Trree ccoelex: 2a 


vere Leeated insic ale) we ria dex canony So rensnuva model slot! 
during the test procran. 


Two genersl model contisurations wore vsed throughout the terts: 
1. Glider with trmeition (Sco Ficuse 2.0et), 
2. Glider whinoud Sroseitiios (Soe Meure 24002), 
Taptres 260~) and 200k show tie glide esnomy, wing, fin ov roc: 
at anearly stese of ecncteuecleme Fotturod in th 


4. 
vu 
sae probes used fn the eeewiie meccunomon’s system 


Detatt Lees ons of e212 Side fe omese: “a Seon aducows “sod are ° 
the wind tumel progres sre ssevn in Timers 2.005. 
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DNs TRUENTATION 
ACOUSTIC INSTRUMENTATICN 


The Statham PA208~TC absolute presse transducer was used to > 
fluctuating pressures cn the model zlider during the wind tumne 
test program, These gauges are rated to operate over a or 
range of 0 to 15 psi. The transducer outnut is quite low 
quires two voltage amlifers to drive the Amex FR 1100 tane ro- 
corder. Typical full scale output voltages (open cirewit) ranced 
from 27~69 millivolts. 
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The transducer measurenent systems were cavable of measuring pres- 
sures from DC to 5000 cps and obtaining space correlation between 

j pairs of transducers. The transducers were calibrated statically 
and dynamically and the phase relationship between their outort 
voltages was measured. 


Sole Calibration 


Static calibrations were rerforred on the gauges by exncsing the 
transducer diaphram to pressures varying from 0.1 to 30 veta. Tire 
Statham gauges were dalanced to give sero de owboud at normal 
atmospheric pressure (15 vsia). The instrumentation used for 
this calibration is shown in bleck ciagram form in Figure 3.1-1. 
This calibration was performed to allow the static pressures on 
the model to be recorded accurately, 


Dynamic calibrations were verformed on the transducers by utilizing 
a single freauency pressure courler calioration technicue. Th 
essential itoms of the calibratcr consists of: (1) a wedse 
‘chamber which couples the transducers to an acoustic pressy 
(2) a monitor microphone (Altec Type 21BR160) which serves as 2 
secondary standard and monitors the cavity pressure ficld, )} a 
University ID hO acoustic driving unit, ond (i) a Statham transducer 
(probe attached for wing end: fin locations) to be calibrated. The 
sound field produced in the pressure coupler (140 db) is maintained 
uniform from 0 to above 5000 eps with a compressor control circuit. 
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A block diagram of the dynamic calitration system is shown in 
Figure 3.1-2. The dyneic calibrations were performed with the 


The phase‘ relationship of the transducers was measured by using 
acoustic calibration coupler, two transducers, teacir power supplic 
amplifiets, tape recorder, oscilloscope and a phase-shifter. ; 
two gauges were mounted in the coupler at opposite sides, and ox- 
posed to the coupler sound field. The output voltages of the 

Statham ghures were passed through their repsective amplifiers ard 
recorded on the FR-1100, tape recorder. For the playback of tnese 
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signals, one transducer (the reference) is fed directly into one 
axis of the oscilloscoze, tie other passes through the pnaseeshifter 
end then to tne other axis of the oseilloscope. With both simals 
being fed into different axes of the oscilloscope, a Lissajous 
figure will be produced, The phaseeshifter is adjusted wtil the 
Lissajous figure indicated wero dezree phase shift between the ty 
signals. The phase gle is then read directly from the phas 
shifter. A block diagram of this: iastrumentation is showm in 

Figure 301-5. Figure 3.1-6 shows tvo transducer systems with probes 
being phase matched while installed in the wedge pressure counler. 
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Also calibrated prior to the testing program was a portrhle Sicld 
calibrator’ which produced a sound pressure level of 115 cb 2% 209 
eps when closely counled to a glider transducer. The Tield enli- 
brator was used to calibrate tne glider model transducor measure 
systems during the test progran. 


Preliminary calibrations and data ontained from vibration share 
tests indicated that the average transducer resonance occurred at 

5600 cps and had very low damping (see Section 3.2). Therefore, a 

“, ; low-pass filter was incorporated into the first vre-amolifier's 
output. Figure 3.1-7 shows a schematic of the pre-amplifier an 
filter circuit and the frequency response of both wits. Tre 
dynamie calibrations and ‘the phase checking were measured tirough 
this pre-omplifier and filter, . 


7 


Static calibrations were performed on 15 of the PA 208 TC 15-350 
gauges and on 2 of the PA 222 TC 15-350 gauges. The plote of the 
static calibrations are shom in Firures 3.1-8 throuzh 3.1-25. 


Dynamic end-to-end calibrations were performed on all 17 gauges 

| and their associated electronics used for the test. Tae results 

; are plotted on Figures 3.1-26 trrovzh 3.1-l13. The rauges with probe 
tubes had the characteristic peaks and valleys in thoir resonse 
curves, due to the acoustic resonances of the probes. 


The results of the phase relationship measurements are tabulated in 
Figures 3.1-lf; and -l15. The phase shift was measured throvch the 
entire systen from transducer throucth the tape recorder playback. 


DeLee Testing 
; The basic instrumentation used for each track of ~scorded acoustical 

information is show in block diagram form in Figure 3.1-l6. The 32 
chamiel oscillograph show in Figure 3.1-l6 was calibrated to provide 
a "quick look" at the acoustic data taken during tne test program. 
In addition, the oscillographic data was used to select tne winnel 
test conditions for detail study. Acoustic pressure calibrations 
were pefforned on the model glider transducers just prior to, during, 

and after the wind tunnel test prograns by utilizing the portable 

; field calibrator. These field cd.ibrations served to determine data 

channel sensitivity changes ard as a recorded calibration tone for 

data reduction. Figure 3.1-l:7 illustrates how the field calibrator 

was used on the wind tunnel model configuration. 
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ge Data Reductil. on 


The data reduction was performed by using 1/3 octave band filters 
and plotting the data on a B&K graphic level recorder, Ficure 
3.1+8 is a block diagram of the data reduction system. The cata 
reduction was performed in the follo:ring atte. First, the coli- 
bration signal (15 db 2% 200 cps) recorded on tere during the test 
program was used to esteblish a reference soun “poeseine level on 
tha B& K graphic recorc. Then we recorded tane dava was 
and a permanent record was obtained on the B&K gravhic le 
corder. These levels were tabulated and systen fat reney rest 
correction were applied to give corrected pia pressure levels. 
The system corrections applied includes the transducer, its vrobe 
tube if used, the first pre-amp and low pass filter, and the tanec 
recorder pre-anplifier. The tare recorder and playoack system 

no corrections over this frequency range. 
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The space correlation coefficients, (R), were obtained by using the 
sum and difference amplifier metnod. A block diagram of the metiod 
is shown in Figure 3.1-l9. 
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TABULATION OF THE PYASS ANCLE BETWEEi 
PAIRS OF TRANSDUCERS 


Reference: Test Point 1 


Test Point 2 Test Point 3 
asa RIN es Rr I RG AERP LIR LY EAS AES 
Frequen Phase Angle Freouency Phase Angle 

50 eps 0° 50 eps O° 

00 0 600 fe) 
1600 5 1550 5 
1800 Le 1800 ahik 

Test Point Test Point 6 

Frequency Phase Angle Froguenoy Phase Anawe 
50 cps 0° 50 eps OF 
600 h 1:00 5 
800 5 600 6 
1200 10 1500 10 
1300 12 1550 12 


Refererc.- Test Point ) 


Test Point 7 


Frequency Pnase Angie 
50 eps ug 
210 5 
600 10 
800 12 
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Reference: Test Point 10 
Test Point 12 


a ee” ee 
Frequency Pnase Angle 


Reference: Test Point 15 


Test Point 16 Test Point 17 
ae a ae ee 
Frequency Phase Angle | _Breauency Phase Angle 
0 ¢ps Os .50 cps 0° 
. 600 0 
2600 0 2600 - , 2 Ficure 3..-!i) 
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TABULATION OF THE PHASE ANGLE 


BETWON PAIRS OF TRANSDUCERS 


ITEM 2 


Reference: track 5, gage Number 2507, TéST POINT 1 


Track 12, gage 13981, Test point 3 


FREQUENC? PEASE ANGLE 
50 eps 0° 
600 0 
1000 #5 
1550 +12° 


Track 7, gare 8768, Test point 6 


FREQUSNCY PEASS ANGIE 
£0 ens * 0° 
609 -5 
1600 ~12 


ITY 


= 
np 


Reference: track 9, gare Nurber 23:25, TEST POINT 15 


Track 13, gare 73980, Test point 17 


FREQUENCY PHASE ANGLE 
50 ens 0° 
600 -5 

1500 ~12 
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VIBRATION INSTRUMENTATION 


The vibration response of low sensitivity acoustic transducers can 
resvlt in syuriows data. That is, the signal ee ated by the transe 
ducer due to the model glider vibratory motion could be on the order 
of or greater than the signal cenerated by fluctuating pressures. 
Therefore, a test was performed at a Boeing @ vibrotion Levoratery to 
determine the vibration sensitivity of the “best nrogrer Statham 
transducers. The results of the transducer vibration test are show 
in igure 3.2-1. 


In order to provide model plider vibration data during tre test 
program, three acceleroneters were mounted within the rlider 
canopy to measure vibration in mutually verpendicular directions. 
The instrumentation system used to measure glider vibraticn is 
shown in Figure 3.2-2. 


a 


Based on these data, a large part of the "acoustic datal wes rejected 
as invalid since the exmected transducer output due to viira néLon 
alone was less than 10 cb below tne observed outows duo to acro- 
dynamic noise 
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L.0 TRANSONTG WIND TUNNEL TiST 
te? PURPOSE 


The purpose of this test wes to measure the mamivude, Sreaquency 


spectrum, and space correlation of fivetuatine acrodyneamic pres- 
sures on the glider in the transonic speed resime due to: 


(a) Fluctuating base pressures 
(b) Fluctuating wake pressvres 
(c) Fluctuating cavity vresscures 
(ad) Separated flow 

(e) Fluctuating shock waves 


1.2 TEST FACILITY 


The test wes conducted during the period of 18 April. 1962 tirowsh 
19 April 1962 in the Bocing Transonic Wind Tunnel Pacility ot Seattle, 


Washington. 
1.3 MODEL CONFIGURATION 


The model glider wind tunnel configuration drawing is show in 
Figure 3-1. 


hel TEST PROCEDIRE 
The transonic test procedure was vorformed in the following =miner: 


(a) The model tect configuration was set at the appropriate angle 
of attack, elevon deflection, and rudder deflection as svacified 
“-, She test plan (Figure 4.5-1). 


(b) Next, the tunnel test condition at the appropriate Maca number 
was initiated. 


(ce) When stable conditions existed in the tunnel test section, 10 
seconds of acoustic, vibration, and tunnel test parcrotsers vere 
recorded. wo 


(da) The procedure was repeated for ell conditions specified in the 
test plen. ; 


eS TEST RESULTS 


Ficure l,5-1 summarizes the Moca nurbors, eleven deflections, and 


F fe 
rudder deflections specified during the trensoenic test ororran. 


BAL 


J2-4971-1060 (was BAC 1546-L-R3) 


qj LOLELISE NO.D2-09713 


pe ee wee vanes Sa 


heSel (Con‘sinued) 


Figure 45-2 shows norinel dynamic pressure, total pressure, 20% 
termerature, test secticn static pressure, em Reynolds number/ft 
at each Mach number tasted. 


4.5.2 heoustic Test Results - Sound Pressure Levels > 


The acoustic test results in n 1/3 ceteave band sound ores 
from the x ne wird tiomel test nrogra: are taovlase 
165-3 through b 05-30 Tho results presented rooresent ¢ 
Gave measured 2 the model glider in the transonic wind 


Sor th ake Gh. ovesell Soman Brdeaere 


‘ an overall equal w cr ¢g an 
: wits were commuted from Une corrected 


levels indicated in tre sults were . 

; 1/3 octers Bod some levels. ThoiPNS pressure ccefficiomr (43,8 
RMS Fluctuating Presevre/Dynamic Fres sure) Le also tabuletused ier Ach 
test condition. One-third octave omd sound Jeveis with lircs arom 


through thom or omiticd are suspect due to the vibration reseenco of 
ut ° a en a ais i 

the Stathen transducers (See Section £.5.2 for a further discaction 
on the vibration response of Steteam transducers in caniralay tound 


levels). 


-— en <7 Vm mance fw ; 
Znvelones of martimun 1/3 octave bend sovnd levoals obecrved in diifer- 
4 Bitieeans (ee Cerner . 2a 5 
s sho model elider are show on Ticvres S36 od +37. 
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plotted in Figures 45-30 t 
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heSelt Vilration Test Results 


Figures 5-59 throv veh 1,%-67 show envelopes of mod 
tion data measured durinn the tronsenic wind cunne 
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E> Tana aerodynamic noise pressures are reported in terms of sound levels 
‘on the logarithmic db scale. ‘This formis more clrectly vecele by 
the acoustical engineer and provice stly improved dotail at low 
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noise levels over a lines scale cf 
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(Nomir.al Valves) 
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5.0 SUPERSONIC WIND TUNNEL Test 


5.2. . PURPOSE * 
Tye purpose of this test was to reasszre the magnitude, frequency 
gnectrum, and space correlation of fluctuating aerodynamle pressure 
on the glider in the mversonie speed regime dre tot 
{a} Fluctuating base pressures 
(b} Fluctuating cavity pressures 
(6) Separated flow 

562 TEST FACILITY 
The test was conducted during the period of 22 March 1962 through 
23 Yorch 1962 fn the Bocing Supersonia Wind Tunnel Facility at Seattle, 
Washing tone 

5.3 MODEL CONFIGURATION 


es model, piider wind tymncl configuration drawing is showm in Fymire 
odade : 7 


Goh TEST PROCEDURE 


“The test procedure in the supersonic wind tunnel was conducted 1n 
the following manner: 


(a) The model configuration was set at the appropriate elevon and 
rudder deflection with the glides at zero angle of attack. 


(o} Tunnel test conditions were initiated at the appropriate Mach 
number and angle of attack. 


(c) The acoustic vibration and tunnel parameters were recordes when 
the tunnel test section reached a stable condition (2 seconds 
afte~ starting shoclt passed through test section}. 


5.5 TEST RESULTS 

&.5.1 Tunnel Test Conditions 
Tabulated Mach numbers, eLevon deflections, and rudder deflections 
specified for the supersonic wind tunnel test program are shown in 
Figure 5.5<l. Figure 5.5-2 shows nominal dynamic pressure, total 


| pressure, total temperature, test section static pressure, and 
Reynolds number/ft at each Mach nurber tested. 
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Acoustic Test Results - Sound Pressure Levels 


‘The acoustic data taken during the supersonic wind tunnel portion of 


the test program are considered to be invalid due to the vibration 
response of the Statham pressure traisducers. An explanaticn of tne 
basis of this judgment and how the data cm be used is given in the 
following paragraphs. 


Given the vibration and acoustic sensitivities md vibration environment 
of the Statham transducer, the transducer output response due to vibra- 
42on can be catculated in equivalent sound pressure levels. The 
equation ds defined ast 


n pe (1/3 octave bend sound vressure 
3/3 Octave Bend Level = 10 log on) = ae 

#30 10g 9, 2 ~ 20 Log ¥\, * 10 log AF + 20 log APSD + Ik 
where 


26 leg ng » Yibration sensitivity of Statham Transducer in 
av res L millivolt/e (Megure 3.2-1) + systen 
corrections (74 db # relative response given 
in Figure 3.207% 


10 log "2 = Acoustic senshtivity of Statham Transducer 
dneluding system corrections in db res 1 volt/ 
bar (Figures 3.1+27 through 3.1-Lh) 


10 log AL © 1/3 octave band width correction in db 


20 log APSD © Average acceleration power spectral density for 
the specific 1/3 octave band in db ret 1g*/cps 
(Figures b.5=8 through 4.5-56 for transonic 
wind tunnel tests or Figures 5.5-10 through 
8,516 for supersonic tind tunnel tests) 


The eallculated equivatens sound levels were then compared to the sound 
pressure levels determined by the acoustic data reduction systen 
(Ficwre 3.19). The comparison showed that the data measured by the 
glider pressure transducers in the epersonie wind tunnel was probably 
due intirely to the vibration response of the transducers. 


Toures 5.$<3 through 5.5-9 rive envelopes of data measured ty the 
model giider trateducers in whe supersonic wind tunnel test program. 
Although these data are invalid, they serve to Sndicate an upper 
Sound te the acroedynamfe noise levels on the model X20 glider in 
the supersenie speed regimes 
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Acoustie Test Results - Space Correletion Coefficients i 


Space correlation coefficients obtained are considered to be invalid 
for reasons given in Section 5.5.2. 


Vibration Test Results 


Figures 5.5~12 through 5.5-16 shows envelopes of model glider vibration 
dava measured during the supersonic wind tunnel test. progran. 
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NYODEL JNSTALLATION 
BOEING SUPERSONIC WIND TUNNEL 


TUNNEL CONFIGURATION + 


be SPHERES: 
~ 12 . TWO SPHERES WiTH FLOW TUBE. ' 
R VALUES : 


1. BUTTERFLY VALVE WITH ALUMINUM SEAL FOR MIA. GAF 
2. PUdG VAWE WIT RUBBER SEAL. 


SETTLING CHAMBER: 

4, SETTLING CHAMBER WITH ‘4 PERFORATED PLATE, SX 
SPRING WIOUNTED 14 MESH SCREENS, DEFLECTOR 
BRACKETS, AND OOTER CEFLECTOR PLATES. 

2. TUNNEL TOTAL PRESSURE MERSURED By PrroT 
PROBE AND ABSOLUTE PRESSURE TrANSOUCcER 
LOCATED AT TUN. STR. 483. 

3 TUNNEL TOTRL TEMPERRTURE MEASURED BY A 
THERMOCOUPLE LOCATED AT TUNNEL STR. OS. 


NOZZLE: 
SEMI-FLEXIBLE ONE INCH STEEL PLATE WITH MACH 
NUMBERS SET BY FORMING THE PLATTE To | 
CRUBRATED CONTOURS. 


TEST SECTION: 
4'.4 TEST SECTION, 


MODEL NNOQUNTING s . 
MODEL WAS MOUNTED To THE RGG- ILO Sut 
WHICH WAS ATTACHED TOTHE 3$6G@-1Z! STING — 
THEN TO THE A-| ADAPTER —THEN THe MAIN 

STING SUPPORT STRUT. 
STRUT? 
STANDARD STRUT~ sTine soPrefer. 


DIFFUSER’: 
CONSTANT RARER SUPERSONIC DIFFUSER) 


EXHAUST TOWER: 
EXHAUST TOWER WITH VERTICAL $ MESH ScRSENS. 
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RAT INANDDA 


Mach Dynamic 
Number Pressure 
(psf) 
“1.5 1200 
2.0 4,00 
2.5 1500 
3.0 1500 | 
3.5 1550 


3-4071-1000 


SUPERSONT 


Total 
Pressure 
psia 
19.7 
ad 
Ke) 
60 


90 


muy 


‘Ses 


'YEL OPERATION 
(Nominal Values) 


Total 
Temperature 

(°R) 

510 

510 

510 

510 

515 


Test 
Section 


Reynolds 
inter /ft 


Static Pressure x 10 


5.3 
3.5 
2.4 
1.6) 
1.17 


6.5 

7.5 

8.8 
10 
11.8 


: Tigure 5. $2 
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